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Abstract. Volcanic flows of the Late Ordovi- 
clan Dunn Point Formation contain a generally 
univectorial magnetization which passes the fold 
test. Its steep direction (D = 335 ø , I = -61 ø , k 
= 79, •95 = 4.2ø, paleopole at 2øS, 136øE) is un- 
like any known for North America or for the Ava- 
lon terrane for post-Ordovician time, so that a 
primary age of the magnetization appears to be 
very likely. The paleoiatitude (42øS) for the 
Avalon terrane derived from this result is much 
higher than that predicted for the area on the 
basis of the cratonic North American apparent 
polar wander path, and a substantial post-Ordo- 
vician displacement (>3500 km) of Avalon with 
respect to the craton can be deduced. In all 
likelihood the Avalon terrane did not collide 
with North America until Middle Devonian time. 
This collision produced the Acadian orogeny. High 
Ordovician paleolatitudes have also been obtained 
for northern Africa and for several localities in 
Hercynian Europe (the Armorica plate) and it is 
inferred that these areas may have drifted 
together until Late Ordovician time. 
Introduction 
The Ordovician paleomagnetic data base for the 
Atlantic-bordering continents has been substan- 
tially improved in the last few years. New poles 
have become available for the North American cra- 
ton (Jackson et al., 1983; Watts and Van der Voo, 
1979), Hercynian Europe (Perroud and Van der Voo, 
1985) and Gondwana (Bachtadse et al., 1984). In 
essence these data support previous pal eogeogra- 
phic syntheses, showing that North America (and 
probably northern Europe as well) was in equato- 
rial paleolatitudes, and that Hercynian Europe 
(Armorica) and the northern margin of Africa were 
in near-polar paleolatitudes. This has led 
Perroud et al. (1984) to refine the Paleozoic 
plate tectonic models previously proposed by Van 
der Voo (1982): they conclude that northern 
Europe (Baltica) and North America collided by 
latest Silurian time to produce the Caledonian 
orogenic belt, that Armorica joined this pair 
shortly thereafter to produce the Acadian orogeny 
and that Gondwana moved northward rapidly during 
the Devonian and Early Carboniferous to collide 
with the combined northern continents during the 
Middle and Late Carboniferous to produce the 
Hercynian-Alleghenian orogenic belt. 
In this process of assembling a Pangea super- 
continent, the role played by the Avalon terrane 
of northeastern North America is not clear, al- 
though various models have been proposed (e.g., 
Williams and Hatcher, 1983; Neuman, 1984). Dis- 
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similar Early Paleozoic faunas between Avalon and 
cratonic North America (Wilson, 1966; McKerrow 
and Ziegler, 1972; Cocks and Fortey, 1982) as 
well as geologic similarities between Avalon and 
Europe or Africa (e.g., Schenk, 1971; Rast and 
Skehan, 1983) have been noted repeatedly and make 
it quite plausible that Avalon is truly a dis- 
placed terrane. This study has been undertaken to 
quantify this displacement. 
Geology and Sampling 
The DUnn Point Formation was sampled along the 
Northumberland coast of mainland Nova Scotia 
(Figure 1). The stratified rocks of this region, 
including the Dunn Point Formation, have been 
described by Boucot et al. (1974). The Dunn Point 
comprises individual mafic and intermediate 
flows, from 1 - 4 m thick, which are often late- 
rally discontinuous. These are overlain by sili- 
cic volcanics of the McGillivray Brook Formation, 
which are in turn overlain conformably, or with 
slight angular unconformity, by fossiliferous 
Lower Silurian sedimentary strata of the Arisaig 
Group. A whole-rock Rb-Sr age of 434 + 15 Ma for 
the Dunn Point and McGillivray Brook formations 
(Keppie et al., 1978) is roughly at the boundary 
between the Ordovician and Silurian periods and 
is consistent with the Llandovery age for the 
overlying sediments. 
Subaerial exposure of volcanics of the Dunn 
Point at the time of their deposition is inferred 
from the occurrence of red soil profiles at the 
tops of and between individual flows; in the li- 
terature, these red soils have been called late- 
rites (Boucot et al., 1974). The interiors of the 
flows also show reddish hematite staining but in 
all cases the tops of flows are more extensively 
oxidized. Incorporation of laterite xenoliths 
w•thin less oxidized material at the base of some 
flows reinforces the interpretation that oxida- 
tion and formation of these red soils was very 
early. These observations are important for the 
interpretation of paleomagnetic results for the 
volcanics, because they suggest that the magneti- 
cally very stable mineral hematite present in 
these strata is essentially primary. For the 
purposes of comparison, the interiors as well as 
the tops of each flow were sampled. Undisturbed 
laterites were sampled at sites 6 (samples G-L) 
and 10 (samples H-M); xenoliths of lateritic 
material (5 to 15 cm in diameter) from site 13' 
are found in the overlying flow (site 14). 
The volcanics exposed along the Arisaig coast 
all are dipping nearly vertically toward the 
southeast, as indicated by the vesicular tops of 
flows. However, there is some variation in the 
strike (Figure 1), which was exploited for the 
purpose of a paleomagnetic fold test. Tilting of 
the Dunn Point Formation apparently occurred at 
the same time as folding of the overlying Arisaig 
Group in popt-Lower Devonian time, and this has 
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Fig. 1. Regional tectonic setting of AvalonJan rocks, and local geologic maps of the Dunn Point 
Formation (after Keppie, 1979; Keppie et al., 1978). Sampling sites are indicated by black dots. 
been correlated with the Acadian orogeny in the 
northern Appalachians (Boucot et al., 1974). 
Paleomagnetic Results 
Intensities of the natural remanent magnetiza- 
tions (NRM's) range between 10 -1 and 10 -3 A/m and 
NRM directions are generally well-grouped. Alter- 
nating field demagnetization does not succeed in 
eliminating the remanence completely, so thermal 
demagnetization has been used for nearly all sam- 
pies. Representative examples of vector diagrams 
are shown in Figure 2, and it can be seen that 
typically the remanence decays linearly to the 
origin. In a few cases (20% of all samples), 
lower blocking-temperature overprints were pre- 
sent in a direction close to that of the present- 
day field, but these could be readily removed 
below 550øC in thermal treatment. The maximum 
blocking temperatures are 680øC, indicating hema- 
tite as the carrier of the NRM, which is not sur- 
prising given the oxidized nature of these sub- 
aerial flows. Samples from interiors and tops of 
flows have similar remanence characteristics and 
directions, as do the laterites and volcanics 
from the same site (the eight red soil samples 
have directions that form a coherent subset of 
the overall grouping shown in Figure 3, with a 
tilt-corrected mean of declination/inclination = 
317ø/-50 ø , k = 76, •95 = 6-40) - 
After demagnetization all in-situ directions 
cluster in the southeast quadrant, with shallow 
to intermediate upward inclinations (Figure 3). 
The distribution of directions is non-Fisherian 
(Fisher, 1953), with a distinct elongation cor- 
relating with change in declination. Upon appli- 
cation of the correction for tilt, however, the 
distribution becomes FisherJan and the clustering 
increases significantly. This can be seen in the 
improvement in the statistical parameters upon 
application of the tilt correction for the site 
means (Table 1), indicating a positive fold test 
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at the 99% confidence level (McElhinny, 1964). 
Thus, the Dunn Point volcanics acquired their 
magnetization before the Acadian-aged folding. 
Discussion 
The Dunn Point volcanics present surprisingly 
non-complex and generally univectori al magneti za- 
tions, with a mean direction of declination/in- 
clination = 335ø/-61 ø . This direction is not seen 
in cratonic North American rocks of Paleozoic or 
younger age, and in fact is not seen in other 
studies of AvalonJan rocks of post-0rdovician age 
either. The fold test constrains the age of mag- 
netization to pre-Middle Devonian time. Although 
the remanence is carried by hematite, the flows 
are inferred to have undergone early oxidation; a 
primary age of the magnetization is therefore 
quite likely. The similarity of the magnetic di- 
rections for the red soil samples and the volca- 
nic samples supports this contention. Since there 
is no doubt about the paleohorizontal for these 
well-stratified rocks, we can deduce that the 
mean direction probably represents the Late Ordo- 
vician geomagnetic field, and that the calcula- 
tion of a paleopole is warranted. 
More important than the paleopole location, 
for paleogeographic considerations, is the paleo- 
latitude that can be calculated from this result 
(42ø). Assuming this paleolatitude to be a 
southerly one, in accordance with the paleolati- 
tudes typically assigned to other Paleozoic rocks 
from Avalon and similar or neighboring terranes, 
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Fig. 3. Equal-area projections of characteristic 
directions of magnetization for individual sam- 
ples (after and before correction for the tilt of 
the strata) and for the site-mean directions 
(bottom diagram). In the latter diagram, groups 
of sites with similar tilt correction have been 
outlined to illustrate the effects of the fold 
test. All symbols are projections onto the upper 
hemisphere. 
TABLE 1. Summary of Site-Mean Directions 
Site n/n o Before TC After TC k2 •95 k2/kl 
Decl, Incl Decl, Incl 
1 6/6 159, -31 
2 6/6 174, -27 
3 3/3 172, -20 
4 6/7 173, -25 
5 6/6 169, -21 
6 8/12 169, -29 
7 5/5 179, -24 
9 5/6 147, -31 
10 10/11 151, -47 
11 5/5 144, -37 
13 7/7 138, -25 
13' 9/9 140, -31 
14 5/6 138, -30 
15 6/6 141, -18 
16 6/6 146, -31 
16' 4/4 141, -25 
Mean 16/16 155, -29 
348, -59 151 5.5 
320, -61 77 7.7 
318, -68 113 11.7 
321, -63 321 3.7 
325, -68 224 4.5 
329, -61 63 7.0 
309, -60 75 8.9 
327, -62 45 11.5 
325, -47 53 6.7 
334, -56 111 7.3 
355, -61 136 5.2 
348, -57 248 3.3 
352, -56 224 5.1 
359, -69 99 6.8 
340, -58 105 6.6 
351, -63 223 6.2 
335, -61 79 4.2 2.7 
n/n O is the ratio of samples used for the com- 
putation of the mean to the samples demagnetized; 
TC is the correction for the tilt of the strata; 
Decl and Incl are declination and inclination, in 
degrees; k2 (kl) is the precision parameter of 
the mean direction after (before) correction for 
the tilt of the strata, and •95 describes the 
cone of 95% confidence about the mean (Fisher, 
1953). The ratio k2/kl is significant at the 99% 
confidence level for a positive fold test. 
we can compare our result with those from other 
continental blocks such as the American craton, 
Gondwana or Armorica. 
North American Late Ordovician paleopo!es 
(Proko and Hatgraves, 1973; Van der Voo and 
French, 1977; Watts and Van der Voo, 1979) indi- 
cate a paleolatitude of about 10 øS for the pre- 
sent location of our sampling area. Thus, a mini- 
mum separation and subsequent relative displace- 
ment of about 3500 km is indicated between the 
Avalon terrane and the North American craton. On 
the other hand, as discussed by Perroud et al. 
(1984), Late Ordovician paleomagnetic latitudes 
as well as paleogeographic indicators (glacial 
relicts, faunal considerations) indicate near- 
polar conditions for northern Africa and Hercy- 
nian Europe. The latter, assumed to have behaved 
as a separate plate (Armorica) in Early to Middle 
Paleozoic times, has provided Late Ordovician 
paleolatitudes ranging from 46øS to 76øS. This 
range of paleolatitudes is larger than usual, but 
can be explained by a spread in ages of magneti- 
zation during rapid apparent polar wander. It is 
geologically plausible and paleomagnetically per- 
missible to infer that Avalon and Hercynian Euro- 
pe were together at that time, and that jointly 
they constituted the Armorica plate (Figure 4). 
Given that Avalon was still in fairly high 
paleolatitudes in Late Ordovician time, a colli- 
sion between Avalon and the equatorial North Ame- 
rican craton, as previously postulated by Van der 
Voo (1979) to explain the Late Ordovician Taconic 
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orogeny, must be ruled out. Instead, a younger 
collision time must be envisioned, resulting in 
either the Acadian or the Alleghenian orogeny. 
Considering that Devonian palcomagnetic results 
from the area (Johnson and Van der Voo, 1983) 
indicate a position of Avalon near to that of the 
North American craton, and that there are no geo- 
logic indicators (deep-water sediments, ophio- 
lites, etc.) for any post-Acadian oceans separa- 
ting Avalon and the craton, an Early to Middle 
Devonian collision resulting in the Acadian 
orogeny is highly preferred. 
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